Abstract. The limits and diffi culties related to the tools currently in use for palaeosynecological comparisons of faunas or fl oras of different geological periods are discussed. The new method of the Wagner parsimony Applied to Palaeosynecology Using Morphology (WAPUM method), is defi ned and tested on morphological characters gathered from two insect groups Odonatoptera and Thripida. The diffi culties related to the monophyly of the taxonomic groups used in the more traditional approaches are no longer a problem when using the WAPUM method. In the WAPUM a character is 'presence versus absence of species bearing a morphological structure'. The results obtained from use of the WAPUM minimize the number of changes among character states. Application of the WAPUM could reveal signals to confi rm or object the currently available scenarios for the global changes in the evolution of past diversity and disparity of organisms (major changes or global crises of diversity).
André Nel (1) , Patricia Nel (1, 2) , Julian F. Petruleviius (1, 3) , Vincent Perrichot (4) , Jakub Prokop (5) & Dany Azar (6) ( T he analysis of global, planetary, faunistic and fl oristic changes during the Phanerozoic eon is very important to defi ne the stratigraphic divisions and the major crises of biodiversity. Th e only available tools to study and estimate these changes are 'typological' techniques, characterizing the diff erent geological periods by the presence/absence of fossils that are supposed to be a priori characteristic of each of them.
Th e scope of this paper is to defi ne a new tool to study palaeontological changes by means of comparisons and classifi cation of sets of geological periods (global analyses) or sets of fossil assemblages after the comparison of their faunas and/or fl oras.
Current comparisons of the faunas or fl oras of different geological periods (for estimations of global crises) are based on variations of percentages extracted from lists of presences versus absences of taxa (orders, families). Only a few works concern insects, or more generally terrestrial arthropods, while these constitute the most diverse groups of animals since the Late Carboniferous. Jarzembowski & Ross (1996) , Labandeira & Sepkoski (1993) , Labandeira & Elbe (2001) , Labandeira (2005) , and Shcherbakov (2008a, b) proposed such analyses on the past diversity of insects. Th ese authors considered that it is possible to use paraphyletic groups, on the basis of a statistical analysis performed by Sepkoski & Kendrick (1993) , who showed that for some artifi cially generated cases, it is possible that paraphyletic 'groups' can restore their 'a priori' known 'history of life' from which they are extracted. Nel (1998) and Gall et al. (1998) have already considered that the use of artifi cial, paraphyletic 'groups' poses a great risk of bias in the analyses. In the real concrete situation of the actual history of life, it is not possible to test the approach of Sepkoski & Kendrick (1993) , if the paraphyletic 'groups' really restore correctly the 'history of life' simply because this 'history' is a priori unknown. Th us it is better to avoid using them.
Th e problem is specially acute for the Palaeozoic insects among which the paraphyletic or polyphyletic 'groups' are very numerous, with many fossils, some of which are related to major extant clades. Th e best well-known and obvious example of such paraand/or polyphyletic groups is the Paleozoic 'order' Protorthoptera, which comprises very numerous fossils and is one of the major 'orders' that is supposed to have disappeared at the end of the Permian [see list of attributed families in Carpenter (1992) except for Triassic Chaulioditidae (= Tomiidae sensu Aristov 2004) ]. It 'contains', in fact, taxa of the 'orthopteroid', 'grylloblattid', and paraneopteran clades, among others, which survived after the Permian to the Recent period, introducing biases in the analyses cited above. Th ere are many other possible paraphyletic or polyphyletic Palaeozoic major 'orders' (with numerous fossils), viz. the Grylloblattodea ('paraphyletic state of the order in respect to other perlideans' after Storozhenko 2002), the Hypoperlida (paraphyletic with respect to the Paraneoptera after Rasnitsyn 2002), etc. Th e solution of these problems of paraphyly and polyphyly is not to use these groups without precaution but to solve their phylogenetic relationships before using them for the analyses of palaeobiodiversity. It is possible to do so, as demonstrated by the recent works on the 'orthopteroid' insects (Béthoux & Nel 2002, among others) .
Th e impact of taphonomic and palaeoecological biases in the various deposits can be also very important, as shown by the following example: Shcherbakov (2008b: 27) suggested that 'the most ancient dragonfl ies are considered to have essentially been hunters of paleodictyopteroids, and this is supported by their simultaneous decline in diversity'. Such an assumption is not obvious because the most recent fauna of Meganisoptera from the Guadalupian (Middle Permian) of Lodève (France) is also the most diverse ), while the same deposits at Lodève have yielded only two species of Palaeodictyoptera. Th us this fauna would not support a simultaneous decline in diversity for both groups. Th is kind of relationships between taxa is very delicate to establish because of: -the lack of signifi cant samples of both Palaeodictyoptera and Meganisoptera in the Lopingian (Upper Permian); -the taphonomic and palaeoecological biases can be very important and sometimes diffi cult to evaluate. In the case of the Lodève basin, the disproportion between the species records of Palaeodictyoptera and Odonatoptera could well be related to such biases: the Odonatoptera are predators with carnivorous aquatic larvae, while the adults and larvae of Palaeodictyoptera were terrestrial and phytophagous. Interestingly very few terrestrial plants have been found in these sediments.
Th e Wagner Parsimony Applied to Palaeosynecology Using Morphology (WAPUM)
Th e general use of the Wagner Parsimony method of classifi cation in synecology, as defi ned by Nel et al. (1998) , can be applied to the classifi cation of geological periods and/or palaeontological localities. Coiff ard et al. (2004 Coiff ard et al. ( , 2008 have already tested this approach for classifying Cretaceous plant assemblages with some success. Petrulevicius (2001) discussed the method in some Upper Palaeocene localities of the same basin in North West Argentina and concluded that the localities should be grouped by their taphonomical similarities and arranged by groups of elements with similar taphonomical functionality (= taphons sensu Fernández-López 2000), i.e., surface/density of the body, degree of sclerotization of the body, etc. Th is is possible in some cases but we could found also same taxa in two localities and representing two diff erent taphons, i.e., isolated wing in locality A and complete body in locality B.
Th e method of parsimony (sensu Crisci 1982) is 'a rule instructing the scientist to choose the simplest of several empirically equivalent hypotheses' but not a principle that would be based on an 'assumption about the simplicity of nature'. Unlike its application in the cladistic method, the general method of the Wagner Parsimony is independent of all ideas of phylogenetic sequence. Th e classifi cation of a set of objects is based on a hierarchical system of shared characters, depending on their state compared to the states present in reference object(s), the outgroup(s). It allows: 1) to connect objects, with one (or several) most parsimonious or minimal tree(s) of classifi cation, rooted or not, in order to minimise the total number of transformations; 2) to establish the character states at each node of the tree(s); 3) to trace the changes of state for each character in the most parsimonious trees; 4) to compare the trees, on the basis of various indices (length, consistency index, etc.); 5) to translate and synthesise the palaeontological data using the minimum ad hoc supplementary hypotheses, these hypotheses being clearly identifi ed (choice of out-group(s), equally weighting of characters); 6) to estimate the impact of each datum on the construction of the minimal tree(s). Th e resulting minimal trees are not supposed to fi t a phylogenetic analysis of the studied objects.
A. Which sets of objects to classify?
Th e current analyses are global or supposed to be so (comparisons of World faunas or fl oras at diff erent stratigraphic levels) (Labandeira 2005) . Th ey do not make allowance for: -the incompleteness of the global fossil record, related to the lack of deposits (i.e. there are only a few Russian outcrops with insects around the boundary between the Permian and the Triassic that could hardly represent the World diversity) (Shcherbakov 2008a,b) ; -the incomplete fi eldwork at some levels and lack of taxonomic studies for some 'diffi cult' groups (e.g. fossil Coleoptera, Hemiptera, and Lepidoptera are clearly understudied). Shcherbakov (2008b) proposed a curve representing the number of families of Odonatoptera for the Permian and Triassic, but no species are described for the uppermost Permian and lowermost Triassic. He also fi gured a maximum of diversity for the Triassic Ladinian that corresponds to the exceptional outcrop of Madygen (Kyrgyzstan). Several of these 'families' are suspected of paraphyly. Th e recent discoveries of Odonatoptera in the Permian Guadalupian of Lodève (southern France) have also greatly increased the record for the Middle Permian. Th is example shows that such curves are very sensitive to the presence of 'Konservat Lagerstätte' and descriptive work.
Whatever method is employed ('traditional' as those of Labandeira or Jarzembowski, or Wagner Parsimony); these analyses are based on two primary hypotheses: -the known fossil record more or less refl ects past biodiversity; -the bias of incompleteness of the fossil record is the same for all periods, or nearly so. Th is assumption is probably true for the Late Carboniferous to the Present, although some periods are favoured by the presence of very rich 'Konservat Lagerstätte' (e.g. Eocene Baltic amber) while others clearly have not enough outcrops (e.g. the Lopingian and the Lower Triassic). Th e situation is even worse for the Mississipian (Lower Carboniferous) in which insects are still unknown or nearly so, probably because very little fi eldwork has been done until now to fi nd fossil insects (Prokop et al. 2005) . It should be possible to test these hypotheses through the comparison and degree of congruence between diff erent Wagner Parsimony analyses undertaken on the basis of diff erent sets of taxa.
Another problem is the defi nition of the stratigraphic units to be compared: is it signifi cant to compare periods (Carboniferous to Permian, Triassic, etc.), or to compare subdivisions of these periods (subperiods, epochs and stages)? A limitation occurs with the richness of the available information for each unit: e.g. we have signifi cant information on the World insect fauna for the Lower, Middle, and Upper Permian, but we lack information if we want to compare the insect faunas of the subdivisions of these three subperiods. A diff erent approach for solving these problems would be to compare actual fossil localities (corresponding to diff erent stratigraphic units), instead of their units (Coiff ard et al., 2004 (Coiff ard et al., , 2008 . Th is option would allow better analyses because other data available in actual localities or fossil associations could be tested after the preliminary analysis, i.e. the taphonomic and palaeoecological biases. Th is option implies comparison of localities with similar taphonomic biases. For example, in fossil insect analyses, comparing amber assemblages with lacustrine assemblages is of less use than the comparison of amber assemblages alone. It is probably more diffi cult to compare lacustrine assemblages because the taphonomic biases can be very diff erent, greatly aff ecting the faunistic composition of the compared assemblages (e.g. the Playa palaeoenvironment of the Permian of Lodève is strikingly diff erent from the estuarine palaeoenvironment of the Middle Triassic of Grès des Vosges) (Gall 1971; Lopez et al. 2008) .
It is then necessary to defi ne the characters used for the comparison of the geological intervals or the palaeontological assemblages, the weighting of the characters, and out-group(s).
B. The characters
A character is the 'presence' versus 'absence' of something (taxon, species with a particular morphological structure). It is under the state 'present' in at least a part of the set of objects we want to classify (here studied geological intervals or palaeontological localities). In synecological analyses, a character is the 'presence versus absence of a taxon' .
Taxa as characters?
For synecological analyses, the best suited taxa are species because diff erent species can have very diff erent biology, chorology, and ecology. Th us the use of species will give the most precise synecological results. Th e diffi culties in using species in recent synecological analyses are often related to the time-consuming process of identifi cation of the samples.
For palaeocological analyses, the fossil record of taxa lower than the family level (genera and species) is too incomplete to be used (at least for insects). Th erefore the analyses are to be based on families and/or taxa of higher rank.
Nevertheless, fossil or extant families or supra-familial taxa are more or less artifi cial sets of species. Some are considered as monophyletic, because they share synapomorphies (more precisely characters that are currently considered as so). Th us the palaeosynecological analysis will depend on the changes in the status of the taxa that are used to perform it. A taxon can be found monophyletic in a fi rst phylogenetic analysis and para-or polyphyletic later. Even for monophyletic taxa, the limits of 'genus', 'family' or other groups of higher rank can also depend on the author (a fossil can be considered either as the sister group of a extant family or be included in the family). Because of this situation of possible paraphyly or polyphyly, and fl uctuating limits of what is a family, counting the number of families of a given period has little sense (see for example the family diversity curve proposed by Shcherbakov 2008b: fi g. 1).
Furthermore, the monophyly of numerous fossil groups of high rank is not supported by any apomorphy. For example, there is still no known apomorphy that supports the monophyly of the well known Meganisoptera ('giant griff enfl ies'), while it is the most diverse Palaeozoic odonatopteran group ). Yet the presence of this group during the Permian and its absence during the Triassic must refl ect some change in the World ecosystems. Th e use of groups or clades in palaeosynecological analyses cause problems.
An alternative: using morphological characters instead of taxa
Instead of using taxa that may not refl ect exactly ecological or morpho-functional characters, we propose to develop a diff erent approach we call here 'Wagner parsimony Applied to Palaeosynecology Using Morphology' (the WAPUM method), based on characters defi ned as the 'presence versus absence of species having a morphological character'.
A fi rst option would be to use only the morphological characters that defi ne the apomorphies supporting the taxa (genera, families, or any clades of diff erent ranks) as characters. But there is no special reason to restrict the set of characters to apomorphies. A more complete option is to use any morphological structures in our characters, without considering their polarization as plesiomorphies and apomorphies in the available phylogenetic analyses. For example, for an analysis based on the Odonatoptera, a possible character will be 'absence versus presence of species having wings without nodus', while a diff erent character will be 'absence versus presence of species having wings with a nodus'. Th e two characters shall be under the state 'present' for the Permian, while the fi rst one must be under the state 'absent' for the Triassic. Th e presence of Odonatoptera without nodus during the Palaeozoic and their absence during the Triassic are both informative because these structures are certainly related to the fl ight of these predatory insects (Wootton et al. 1998) , and thus should be linked to their prey's capture capacity, to the absence or relative rarity of fl ying vertebrates, and in fi ne to adaptations to the Palaeozoic terrestrial ecosystems.
Th is approach allows including information that is present in 'groups' that are suspected of paraphyly or polyphyly (viz. the Meganisoptera). Otherwise the information coming from such taxa is to be rejected in palaeosynecological analyses based on taxa as characters.
When a phylogenetic analysis of the concerned clade is available, some morphological structures can be homoplastic, and their treatment needs a discussion: for example, the character 'absence versus presence of a species without sclerotized pterostigma' is under that state 'present' for the Carboniferous and Permian, because of the Meganisoptera, but also in the Triassic for the Triadophlebiomorpha, in the Jurassic and Early Cretaceous for some Anisoptera: Aeschnidiidae, and in the Cenozoic to Recent for some Calopterygidae. Th e absence of a pterostigma is clearly a plesiomorphy for the Meganisoptera and Triadophlebiomorpha, but it is a reversion in some Aeschnidiidae and Calopterygidae. Th us such a character will obviously be a homoplasy in the palaeosynecological Wagner Parsimony analysis. Two options are then possible: make the analysis with or without such characters. If they are removed a priori from the analysis, it is always possible to use them as attributes to determine if their presence could be correlated to environmental attributes. Labandeira (1997 Labandeira ( , 2006 proposed a rather similar approach with a direct analysis of the evolution of the mouthpart structures of the insects, independently of the taxa themselves, but he did not apply the characters he obtained (the 'functional feeding groups') to a Wagner Parsimony analysis. It would be interesting to treat these data in a Wagner Parsimony approach.
Presence versus absence of a palaeosynecological character

The presence
Th ree options are available to defi ne the presence of a character (a taxon or a 'species bearing a morphological structure') in a geological period or a palaeontological locality: a) the direct evidence based on the presence of the concerned character. Using only the strict fossil record, the more hypothetical presences obtained by indirect evidences, are to be considered as dubious and considered as missing data (coded '?' in Wagner matrices). b) the indirect palaeoentological evidence based on the presence of the character during a period with no direct available record but for which it can be inferred by its presence in adjacent periods (just before and after). Such gaps in the fossil record can be fi lled based on the assumption that there is no diffi culty in the determination of the fossil taxa, which is not always obvious. Th ese gaps between two records could be treated either as real presences or as missing data. Th is latter approach is based on the preliminary choice to have as few a priori as possible. Using this choice of treatment, more precise parsimonious inferences on the context of the missing data can be made after the Wagner analysis has been performed. c) Indirect evidence: the presence of the character during a period can be inferred after the biogeographical reconstructions and/or the sister groups relationships of the concerned taxon have been determined. Th e presence versus absence of some structures during a particular period can be inferred after the phylogenetic analysis of the corresponding clade. For example, in the clade Th ripida (thrips and relatives), the presence of the thysanopteran-type of arolia and modifi ed mouthparts can be inferred in all their representatives since the Permian on the basis of their presence in two Jurassic species of one subclade and in all the Recent and Cretaceous Th ysanoptera of the other subclade .
Th e gathering of these three types of direct and indirect evidence can be qualifi ed as part of the character's total evidence. It adds information to the data matrix, but it also increases the chances to add errors or not well-founded information.
The absence
In comparisons of stratigraphical levels, the nondiscovery of a fossil taxon in the geological periods that have followed its youngest fossil record does not mean that it was not present as a Lazarus taxon. Th ere are several examples of such taxa, viz. the presence of the damselfl y family Hemiphlebiidae in the Lower Cretaceous, represented in the modern fauna by only one Australian species, with no Cenozoic record (Lak et al. 2009 ). Consequently, in no way does the direct evidence of the youngest-known fossil record of a taxon demonstrate that it was not present in younger periods. As there is no way to determine the exact times of extinction of a taxon after its youngest record, it is just possible to record as an absence the available data of non-discovery. In this case, an assumption of absence can be proposed as a primary hypothesis, to be discussed on the basis of the resulting most parsimonious trees.
In order to distinguish the possible situations covered by an 'absence', a character can be coded as follows:
-not yet appeared: 0; present in fossil record: 1; extinct: 2; -not yet appeared: 0; present in fossil record: 1; lazarus (no longer present in fossil record but present in modern record): 2.
Th e situation slightly diff ers for comparisons of palaeontological localities because the palaeoecological information becomes more important than in the comparisons of diff erent levels; thus one can assume that rare, Lazarus taxa are not very important for the analyses and the reconstructions of the palaeoenvironments, certainly less important than the relatively frequent taxa. Th us, in a palaeoenvironmental perspective, it is possible to consider such taxa as missing data.
To summarize
-Th e presence of a character can be considered as unambiguous if the concerned taxon (or structure) have been discovered as fossils (but also in the case of a taxon if it is supposed to be monophyletic, and if the identifi cations were correctly made).
-Th e absence of a character in the fossil record is fundamentally more ambiguous.
Independence of the characters
Th e problem of the independence of the characters is diffi cult. Some structures are present in a unique clade (for example those supporting the monophyly of a family). One could argue that they are not strictly independent. Only the discovery of fossils bearing only some of these characters would demonstrate their independence. But this problem also occurs in nearly all the phylogenetic analyses, especially for those based on molecular data. Th us the characters can be considered as primarily independent, and be re-analysed after the search for the most parsimonious trees. Furthermore, it is of interest to use all the morphological structures that occur and support one clade because they better translate the 'degree' of specialization of the concerned clade, which could be related to the particular ecosystems of the periods during which this clade was present. For example, the odonatopteran families Aeschnidiidae and Cymatophlebiidae are present during the Jurassic, but the former is characterised by no less than six 'major', unique morphological structures, while species of the latter bear only one known structure that cannot be found in the other odonatopteran groups. In a palaeosynecological analysis based on the presence versus absence of taxa, these two families have the same weight, while the Aeschnidiidae are certainly much more 'signifi cant' than the Cymatophlebiidae in the characterisation of the Upper Jurassic palaeobiotas for their numerous, particular morphological structures that did not cross the end of the Lower Cretaceous. Th e palaeosynecological analyses based on the taxa as characters ignore this dimension, because diff erent family names could correspond to very diff erent degrees of specialisation.
Treatment of the characters
Th e characters have to be treated as equally weighted, reversible, and unordered, in order to avoid as many a priori considerations a possible . We have to take into account that, although we use equally weighted characters, we are still choosing what characters we are using, as in all cladistic analyses.
'Keystone' and rare taxa for morphological structures
Th e fossil record is clearly incomplete. Fossil are generally remains of organisms that were very frequent, frequent enough at least during a signifi cant period, and living in some palaeoenvironment as to have a 'chance' to be fossilised. In many cases, the fossil lineages are known through a uniquely oldest representative, with a subsequent diversifi cation and more fossils in more recent periods. As an example, the Upper Carboniferous Holometabola are known through very few fossils while the clade diversifi ed during the Permian, Triassic and in more recent periods Béthoux 2009 ). Nevertheless these 'apparently rare' oldest-known Holometabola demonstrate the presence of this clade and of the morphological structures related to it in at least some of the ecosystems of the Moscovian. Such 'rare' fossils certainly correspond to organisms that were already frequent when they were living. Th ey are therefore important in the palaeoecological analyses.
C. The outgroup(s)
For the primary polarisation of the characters/taxa, it is necessary to defi ne or choose one or more object(s) of comparison, the outgroup(s).
In synecological analyses, Lambshead & Paterson (1986) and Bellan-Santini et al. (1994) suggested using an outgroup consisting of a hypothetical locality containing no species. Nel et al. (1998) have already discussed and dismissed this option.
In the special case of a palaeoecological perspective, it is possible to use real outgroup(s). As the scope is to analyse the evolution of the palaeobiotas, the oldest studied period or locality can be chosen as a real outgroup. With this choice, the presence of an 'ancient' taxon or morphological structure, present in this outgroup, is considered as primarily 'plesiocenotic', and the presence of a 'more recent' taxon or morphological structure as primarily 'apocenotic' or 'derived' (sensu Nel et al. 1998) . Several outgroups (periods or localities older than the studied set of objects) can be applied alternatively or simultaneously and their impact on the analysis tested.
Th is approach is problematic because considering the presence of the most 'ancient' taxa or morphological structures as plesiocenotic does not take into account the fact that these taxa or structures were adapted to the life in the oldest studied period. It is more logical to use a theoretical empty period, so that each period or group of periods is characterized by apocenotic presences of characters (taxa or morphological structures). Using this choice of an empty outgroup, a character being the 'absence versus presence of a species bearing a structure', the absence will be considered as primarily plesiocenotic and the presence as primarily apocenotic.
D. Analysis of the results
Th e most parsimonious trees can be summarized through their strict consensus tree. If there is a grade in the resulting tree that follows the succession of the studied objects through time, then no clear hiatus between subsets of levels appears. If some subsets of objects appear as separate groups, not corresponding to their succession through time (absence of congruence between the timing and the tree topology), then it is possible to defi ne an important hiatus that could correspond to faunistic (or fl oristic) breaks in time.
Furthermore, if the tree is replaced by a 'phylogram' indicating the number of changes on the branches, it is possible to visualize the global changes between the various levels and thus to identify the crucial periods of change. Th e treatment of the missing data (coded as '?') can be achieved in the same way as in the current cladistic analyses, i.e. by parsimonious inferences on the fi nal tree(s). It allows estimates of possible correlations between the distributions of the diff erent characters.
Wagner Parsimony based on the characters of the type 'presence versus absence of species with particular structure' allows making analyses without considering the problem of the monophyly of all the concerned 'groups' within the studied clade. It also gives testable results as for those of the cladistic approach in phylogeny, unlike the scenarios currently proposed for the evolution of past biodiversity. Our approach analyses the evolution and replacement of morphological structures through time in order to relate them to ecological changes that could have infl uenced them.
Th is approach does not pretend to analyse the evolution of the number of species, genera, or families in a group. But for the reasons of incompleteness of the fossil record, of the lack of taxonomic studies for numerous groups, of the great impact of the periods with 'Konservat Lagerstättes' versus periods lacking such rich outcrops, it seems that the analyses based on 'presence versus absence of taxa' are very uncertain, at least for insects.
Application to actual examples
We test the new method based on the Wagner Parsimony approach using presence versus absence of morphological structures as characters. We apply the method to the studies of the Palaeozoic, Mesozoic, and Cenozoic Odonatoptera and Th ripida.
Characters are equally weighted and unordered. When a character is present in two stages but not recorded for the interval between them, we complete the matrix with the same state of the other two stages. Th e analysis performed with question marks '?' for such missing data has given the same trees. Exact solutions obtained via Branch and Bound (or implicit enumeration) searches of equally most parsimonious trees have been performed using Paup* 4.0b10 and TNT 1.1 (Goloboff et al. 2003) . TNT was also used to calculate and display the synapomorphies of the trees.
A. Odonatoptera
Th is clade is chosen for the following reasons: -these insects are predators, and as so they should be sensitive to the major changes in the ecosystems through the changes occurring in their prey. Th ey are also 'iconic' of the 'giant' Palaeozoic insects, which are supposed to become extinct at the end of the Permian; -the phylogeny of the Odonatoptera is relatively well understood, compared to groups like the Grylloblattodea or the waste basket taxon of 'Protorthoptera'; -its systematic study is based on wing venation structures, at least for the Palaeozoic taxa. Th ese structures are rather well preserved in fossils; -its fossil record for the Palaeozoic was greatly improved recently with several important discoveries.
Th e data were obtained from Bechly (1996) , Fleck et al. (1999 Fleck et al. ( , 2001 , Bechly et al. (2001) , Jarzembowski & Nel (2002) , Huguet et al. (2002) , Fleck & Nel (2003) , Zessin (2008) , Ren et al. (2008) , Nel et al. (1999 Nel et al. ( , 2001 Nel et al. ( , 2008 Nel et al. ( , 2009 Another diffi culty emerges with the 'Meganisoptera': this well-known 'group' ('giant griff enfl ies') ranges from the Bashkirian to the Middle Permian, with the most recent species in the Guadalupian of the Lodève, Var, and Alpes Maritimes basins (red Permian of the South of France) . No Upper Permian Meganisoptera are described till now, but Shcherbakov (2008b) indicated the presence of 'dragonfl ies Meganeuridae in Aleksandrovka (Bashkir district)' (Upper Permian, Capitanian, Russia). Th is would be the youngest meganisopteran but it needs to be verifi ed, as confusion is possible with the Triadotypidae that are superfi cially very similar to the Meganisoptera. Th us we consider that the Meganisoptera (and their morphological structures) are not recorded in the Upper Permian. Also our present knowledge on Mesozoic Zygoptera is very fragmentary, as this group is still unknown in the Upper Triassic and Lower Jurassic, while it should be present as the sister group of the Epiproctophora. Our choice of characters is based on their importance in the general morphology of the various groups of Odonatoptera (fi g. 1). Th is analysis is not based on all the available characters of the known families and genera, as many of them are homoplastic.
Th e analysis, based on 121 characters (Appendix 1), gave three equally most parsimonious trees, with the following characteristics: length 161 steps; Consistency Index CI 0.75; CI excluding uninformative characters 0.73; Retention Index 0.91; Rescaled Consistency Index RC 0.69.
Th e strict consensus tree is given in fi g. 2. Th ere is no special grouping of any intervals (no grouping of the Permian stages or of the Carboniferous stages, or even of the Palaeozoic stages), except for a grouping of Middle-Upper Jurassic with Lower Cretaceous subperiods, and a grouping of the Upper Cretaceous with the Cenozoic stages. Th e grouping of stages after the Lower Late Carboniferous Bashkirian is supported by the states '1' for the characters '16', '19', '21', '26', '30', '32', '33' and '44', suggesting (Santos et al. 2006) . It seems that this Permian group, together with the Meganeuridae, were already declining (if not extinct) well before the end of the Permian.
Th e changes between the stratigraphic levels can also be detected through the quantity of strict synapocenosies supporting the grouping. For example the grouping (Upper Triassic and more recent levels) is supported by 15 characters. But these are of diff erent types, viz. reversions or structures disappearing at this time ('25', '27', '43', '45', '46') , plus some synapocenosies (structures appearing at this time) ('37', '38', '39', '50', '56', '121') ; also, some characters support this grouping such as '57', '58', '59', '60', 109', '110', but (Libellulidae, etc.) . Lastly, the grouping (Paleocene, Eocene) is supported by one character of the Palaeomacromiidae, a family known in these stages, but may be older, and could have appeared during the Lower Cretaceous based on its palaeobiogeography (indicated by '?' in the matrix). Th e grouping (Oligocene, Miocene) is due to a character of the Sieblosiidae, a family proper to these stages. Several other families are known in the Eocene, but they could have been present in the Paleocene or even the Upper Cretaceous (Petrulevičius & Nel 2003 , 2004 , 2005 . Further fi eld researches shall be necessary in the future to precisely relate the two groupings (Paleocene, Eocene) and (Oligocene, Miocene); nevertheless, they could be explained by the global climatic cooling during the Late Cenozoic.
Th e presence of several characters in some epochs is supported by only one 'key' fossil (viz. Moscovian Bechlya, Lopigian Permophlebia, Guadalupian Saxonagrion, Upper Cretaceous libellulid Palaeolibellula Fleck et al. 1999) . Th is shows that these analyses are very sensitive to such discoveries. We have to keep in mind that the presence of a taxon in a given stage (i.e. the protozygopteran Bechlya in the Moscovian) demonstrates that this clade was probably already frequent then because fossil specimens are generally rare examples of actually frequent species.
Th e absence of signifi cant changes in the odonatopteran morphology between the Upper Permian and Lower Triassic is rather surprising as the PermianTriassic boundary is considered as the most important crisis of biodiversity. Th e more 'modern' lineages of Odonatoptera with the keystone new morphological structures (nodus, pterositgma, etc.) were already present during the Late Permian. But some 'ancient' morphological structures have also been retained in some Triassic taxa. Th is does not imply that numerous species, genera or families could have become extinct around the end of Permian (but with some uncertainty, see Gall et al. 1998) . Nevertheless, the end-Permian crisis did not signifi cantly aff ect the morphology of the Odonatoptera, which questions the impact of this crisis on the palaeoecology of this group of insects. By comparison, the important changes in the odonatan morphology during the Cenomanian (Lower-Upper Cretaceous boundary), with the disappearance of 'ancient' and development of 'modern' morphological structures, suggests important changes in the palaeoecology of the Odonata. Th ese changes could be related to the changes in aquatic environments during the Cenomanian, in relation to the eutrophication of the water of lakes and ponds due to the proliferation of hydromacrophytes and to the greater input of organic matter produced by the newly dominant angiosperms (Kalugina 1974) . Th is eutrophication is supposed to have aff ected the aquatic insects and consequently their predators, the larvae of Odonata.
B. Thripida
Th is clade is of interest because Nel et al. (submitted) proposed a new phylogenetic hypothesis after which it is possible to infer the presence of some characters (mouth part structures) in Palaeozoic taxa after their presence in the modern and Mesozoic Th ysanoptera and in some Lower Cretaceous Moundthripidae (character 35). Th e strict consensus tree is given in fi g. 3. Th e polytomy aff ecting the Triassic, Lower Jurassic, and Middle-Upper Jurassic is due to the lack of information on the faunas of these periods. Th e set (Lower Cretaceous, Upper Cretaceous, Cenozoic, Recent) emerges due to the presence of well-preserved true Th ysanoptera in the Lower Cretaceous Lebanese amber, while amber with Th ripida remains unknown in the Jurassic and the Triassic. Nevertheless, the Mesozoic as a whole is separated from the Palaeozoic because of the presence of Th ysanoptera in the Upper Triassic, while this group remains unknown in the Middle or Lower Triassic and the Permian. Th is example shows that the incompleteness of the fossil record can introduce bias or uncertainty in the analysis. Nevertheless it seems that, in the present state of the art, the Upper Triassic Th ripida are very diff erent from those of the Permian, and that great changes also occurred during the Cretaceous. Both periods correspond to great changes in plants with the appearance and diversifi cation of angiosperms or seed plants.
Conclusion
Our studies on the Odonatoptera and Th ripida are preliminary, but they demonstrate the feasibility of the Wagner parsimony analyses based on morphological structures (WAPUM). Th ey remain to be applied to the morphological structures of all groups of insects for the Phanerozoic. It is a considerable quantity of work but the analyses can be achieved despite of the lack of phylogenetic analyses to confi rm or reject the monophyly of the 'groups' that are currently used in the more 'traditional' studies in the changes of past diversity. Th e basic requirement of such analyses is to increase our knowledge on the past diversity and disparity of the insects. Th erefore every new description of new families or genera with original morphological structures requires, full morphological details, especially where the oldest or youngest records of a clade (e.g. Vitali 2010; Peñalver & Grimaldi 2010; Petrulevičius et al. 2010) , or a new clade (Azar et al. 2008 Kirejtshuk et al. 2010; Szwedo & Stroiński 2010) are concerned.
